To investigate the cis-acting DNA elements that are involved in regulation of class II major histocompatibility complex genes, including -interferon (-IFN) induction, 5' flanking DNA deletions of a DQj3 "minigene" were analyzed in stable transfected cell lines. At least four elements 5' to the gene were found to be involved in DQ8 regulation. Deletion of sequences from -2500 to -159 base pairs (bp) resulted in increased transcription, suggesting that negative regulatory elements resided in the deleted region. These clones were all capable of responding to LIFN. Further deletion of sequences from -159 to -128 bp resulted in constitutive high level transcription and the inability of these constructions to respond to y-IFN. A deletion to -107 bp resulted in a decrease in the basal level of expression that was restored by removal of the 5' DNA sequence to -82 bp, suggesting the presence of a second negative element. Finally, deletion to -64 bp caused a marked decrease in expression, suggesting the loss of an element necessary for high levels of transcription. The y-IFN control and the transcription control elements contain the conserved upstream sequences found in all class II genes, suggesting a role for these sequences. 
Class II major histocompatibility complex (MHC) molecules in humans are heterodimers encoded in the HLA-D region. These molecules are normally expressed on the surfaces of mature B cells, activated T cells, and macrophages and participate in the immune response by presenting foreign antigen to helper T cells. Normal expression of class II genes is essential for an individual to mount a correct immune response. For example, individuals lacking expression of class II molecules on their lymphocytes exhibit a severe combined immunodeficiency, called the bare lymphocyte syndrome (1) . In lymphocytes at least three families of MHC class II genes are coordinately regulated-i.e., the a and the , / chains of DR, DQ, and DP (reviewed in ref. 2) . Cell-surface expression of class II molecules may be induced in many cell types (e.g., endothelial cells and dermal fibroblasts) that are normally class II negative by incubation with y-interferon (y-IFN). Such treated cells are now capable of presenting foreign antigen to helper T cells, thereby participating in the activation ofthe immune response (3) . The induction ofMHC class II genes by -IFN is due to an increase in mRNA levels. In addition, -IFN causes increased levels of the mRNA encoding the invariant chain, a protein associated with the biosynthesis of class II molecules. The gene encoding the invariant chain is not located on the same chromosome as the class II genes, indicating that -IFN is able to induce other genes relevant to class II gene expression (4, 5) . In addition to yIFN, other lymphokines and cellular factors have been shown to stimulate or repress class II MHC gene expression, such as interleukin 4 (BSF-1) (6) and prostaglandins (7), respectively.
DNA sequences upstream of their respective structural genes are often important for the control of transcription. Enhancer elements dramatically increase the levels of transcription (8) , whereas negative elements act to silence or reduce gene expression (9) . In addition, some elements control transcription of their respective genes under specific environmental conditions (10) . Comparison of the DNA sequences 5' to all known murine and human class II genes shows a short but striking homology in a region that is otherwise divergent (11) (12) (13) . These conserved upstream sequences (CUS) are located between -66 and -114 base pairs (bp) 5' to the mRNA cap site in the DQ,3 gene (14) . The homology is greatest in two conserved elements at the ends ofthis region (-114 to -100 bp and -80 to -67 bp) [upstream nucleotides indicated in this paper are counted from the most 5' of the transcription initiation sites of DQ2,8 (14) ]. In addition, the sequences between these elements (-99 to -81 bp) are class II a-chain or B-chain specific (13) . The extreme conservation of this DNA suggests that these CUS are involved in some aspect of class II gene expression.
To investigate the cis-acting sequences that control class II gene expression, a set of 5' promoter deletions in a modified DQI3 gene was transfected into human fibroblasts. Stable cell lines were selected, cloned, and assayed for their ability to transcribe the transfected genes and respond to y-IFN.
MATERIALS AND METHODS
Plasmid Constructions. To simplify subsequent plasmid manipulations, a DQ2,3 "minigene" referred to as MX was constructed (Fig. 1) . The 5' flanking sequences, a marked exon 1 (described below), intron 1, part of exon 2 (Sst I site), and 2 kilobases of 3' flanking sequences (EcoRI to Sal I) were from the genomic clone X-42 (14) . Exons 2, 3, 4, and part of 5 (Sst I to EcoRI) are composed of cDNA sequences from pII-3-1 (15 (20) , an osteosarcoma fibroblast, were cultured on 100-mm plates in Dulbecco's modified Eagle's medium (DME medium) (GIBCO) and 10% fetal bovine serum with added penicillin/streptomycin. Six hours prior to transfection, cells were incubated in DME medium (GIBCO) containing colcemid (0.2 ,g/ml; Sigma). Twenty micrograms of plasmid DNAs was cotransfected with 1-2 ug of pSV2neo DNA (confers resistance to the antibiotic G418) into human fibroblasts by means of electroporation as described (21) . Stable cell lines were selected in 0.5 mg of G418 (GIBCO) per ml. Single colonies were cloned using cloning cylinders or pooled. Cells were treated with y-IFN (kindly provided by Biogen, Cambridge, MA) by culturing them in the presence of 400 units/ml for 12-72 hr.
RNA Isolation and Analysis. RNA was prepared from 2-5 X 107 cells using the Nonidet P-40 lysis method (22) .
32P-labeled (uniformly) anti-sense transcripts were prepared in vitro as described (17), Actin anti-sense probes (23) used to standardize some experiments were labeled at a lower specific activity by incorporating 50 uM UTP in the transcription reaction. RNA protection analysis was carried out on 10 jig of total cellular RNA as described (24) . (Fig. 2) showed that the shorter the 5' flanking sequences in the DNA construction the higher the level of expression of MX mRNA. This is most typically demonstrated by a comparison of clones MX159-5 and MX2500-1. In addition, the increases in expression appeared to be stepwise-i.e., a comparison of all of the constructs indicated that the MX2500 clones had the lowest basal level of transcription; MX590 clones had a higher level and MX159 clones had the highest level in the approximate ratio of 1:3:10, respectively. These data suggested that there are several negative control regions in the flanking sequences that were sequentially removed by the various deletions. Pools of transfected cells containing MX2500, MX590, and MX159 also demonstrated increasing levels of transcription of MX RNA in the order listed.
RESULTS

Transfection of the DQfi MX Constructions into
To exclude the possibility that the plasmid vector interfered with the expression of the MX2500 clones, thereby reducing the level of MX mRNA, the vector was placed in the opposite orientation with respect to the MX2500 construct. A comparison of the two vector orientations in clones MX2500-54 and MX2500-1 showed approximately equal levels of MX mRNA (Fig. 2) , suggesting that vector sequences in these constructions did not greatly affect transcription. 64 bp of 5' flanking sequence, respectively) span the CUS region (Fig. 4) . The constructs were transfected into the M1XP cell line and stable colonies were selected. Pools were collected and analyzed for the expression of MX mRNA before and after induction with y-IFN (Fig. 5) . Analysis of individual clones gave identical results.
All four constructs are capable of expressing the MX mRNA, indicating that the largest deletion to -64 bp still contains enough DNA to promote transcription with proper initiation although at a very low level; this clone includes intact CCAAT and TATA sequences (Fig. 4) Fig. 2. same or an additional element to the one(s) suggested above. The additional deletion in the MX107 clones resulted in a decreased level of transcription, indicating the removal of a positive control element, presumably the first upstream element of the CUS (-114 to -100 bp). The lowered level of transcription in MX107 and increased levels in MX82 suggest that a negative control element was removed by the MX82 deletion. This region contains the /-chain-specific sequences (13) . MX64 clones, however, showed markedly decreased levels of MX mRNA. The CUS (-80 to -67 bp), which is intact in MX82 and deleted in MX64, may function as a positive element and therefore be necessary for high expression of the DQ/3 gene.
None of the BAL-31 gene constructions made from MX159 responded to y-IFN treatment (Fig. 5). [Compare MX levels and actin levels, used as an internal control (see Materials andMethods).] The MX128 construction contained the entire Fig. 5 before and after incubation with y-IFN (12 hr). RNA protection was carried out as described above with the addition of a 32P-labeled anti-sense actin probe to the hybridization. Actin mRNA serves as a control for differences in sample handling. M, as in Fig. 2 . coordinate for at least six class II MHC genes (the a-and (3-chain genes of DR, DQ, and DP) and the invariant chain gene (5). The only class II genes not induced by y-IFN are those that have not yet been shown to be expressed on the surface of any cell type-i.e., the human D013 (25), DXa, and DX/3 (13, 26) genes and the mouse IA,82 (27) 
